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FIG. 2. Stationary transmission characteristic% of a TCRR with ~~~0.04 
and y=O.O2. Solid line: fl( L,+ Lb) zfiL= 1.270 and k,=kzsk=0.5. 
Dashed line: pL=1.75~ and k=O.l. 
Figure 2 shows the stationary output-input character- 
istics of a TCRR for two different bistability conditions. 
Figure 3 shows the actual output for the case correspond- 
ing to the largest hysteresis~loop in Fig. 2, when the input 
(normalized intensity’) varies from 0 to 3 with a rise time 
of 50 ns. A group velocity ~,=2.4X 10’ m /s and L, 
= Lb=8 cm were taken. According to the stationary re- 
sults (Fig. 2), the bistable should pass from the off to the 
on state. In Fig. 3, the switch-on point would be the value 
of the input power for which the output starts to grow 
more abruptly. In fact, as seen in the figure, it is not pos- 
sible to identify such a unique, well-defined point; rather, 
there is a narrow margin of input intensities which would 
quality to be defined as the switch-on point. However, any 
value in this margin is very close to that predicted by the 
stationary calculations (2.65 in this case; the correspond- 
ing value of the output is indicated in Fig. 3 by an aster- 
isk). Naturally, the jump of the output power is not in- 
stantaneous. 
The final output power coincides with the stationary 
value, - 1.84, as expected (see Fig, 2). Notice from Fig. 3 
that the time it takes the output to settle at its final value is 
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FIG. 3. Dynamic behavior of a bistable under on and off transitions. The 
parameters are those of the case represented by a solid line in Fig. 2. 
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FIG. 4. Stationary transmission characteristics of a TCRR operating as a 
differential amplifier, both passively and incorporating an in-loop ampli- 
fier with G=3.25 dB. Note that there is an infmite slope point in each of 
the curves. PL, appropriately chosen to obtain these critical points, is 
1,.59~ and 1.81q respectively. a and y are as in Fig. 3, and k=0.5. ” 
- 10 ns. This is of the order of 10-15 times the loop delay, 
which is about (L,+Lb)/vg~0.61. The reason is that 
there must be appreciable interference between the input 
and the output for one of these devices to operate properly 
(that is, in a quasistationary fashion). A similar on-off 
transition is also shown in Fig. 3. 
The TCRR can also operate as an optical differential 
amplifier (DA), and some analytical expressions for the 
significant parameters of such a device have been ob- 
tained.3 Among these is the necessary input power to ob- 
tain infinite differential gain (bias power). The solid curve 
in Fig. 4 is a typical output-input characteristic of a passive 
DA. The left side of Fig. 5 clearly illustrates the amplifi- 
cation of a - 100 ns pulse, which enters the passive TCRR 
superimposed to the corresponding bias power (0.83, in 
this case). We see that an extremely long tail accompanies 
the output pulse. This would generate symbol interference 
when transmitting sequences of pulses, thus representing a 
serious handicap. Further calculations have shown us that 
this phenomenon is always present in normal operating 
conditions, independently of the width and amplitude of the 
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FIG. 5. Pulse amplification of the passive DA of Fig. 4. L,= Lb= 8 cm. 
Left: Critical bias power. Right: Shifted bias power. 
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